A generalized technique for assessing abrasion resistance has been developed, which is applicable to all types of particulate activated carbons, including extruded and granular particle forms. The method is based on measuring the abrasion losses (i.e. particles <0,25 mm) incurred when an aqueous suspension of activated carbon is agitated by a rotating plunger. The direction of rotation is alternated on a cyclical basis, and all other operating conditions are fixed at predetermined values, e.g. suspension concentration at 40 vol. %, peak rotation speed at 1 200 r/min and duration of agitation at 12 h. The results can be used to compare different particulate carbon types in terms of expected abrasion resistance, and shed light on the likely resistance to abrasion of different carbons during hydraulic transport conditions (when carbon-metal interactions predominate) and during such operations as adsorber filling and backwashing (when carbon-carbon interactions predominate).
Introduction
A major cost component of activated carbon treatment derives from losses relating to the physical strength of the carbon, which are incurred during usage and regeneration. Physical strength seems to have been slighted in favour of good adsorptive properties, a choice which has frequently had severe economic repercussions. Cairo et al. (1982) indicate that some 80% of the total annual operating and maintenance cost of a granular activated carbon facility may be attributed to regeneration related elements, and of these regeneration costs, 50% may be ascribed to the loss of carbon in the furnace or transport system. Clark (1983) presents extensive cost data for granular activated carbon adsorption and regeneration, which inter alia underscore the substantive contribution that make-up for carbon loss makes to overall costs: For example, the total annual operating and maintenance cost for a 40 Ml/d gravity steel contactor system with multihearth furnace regeneration will double for an increase in carbon loss per regeneration cycle from 3% (superior carbon and /or operation) to 12% (inferior carbon and/or operation).
A variety of test methods are currently available for testing abrasion resistance of activated carbons, categorised in the following two groups -
Dry impact hardness tests
• Ro-tap abrasion test (Standard for Granular Activated Carbon; AWWA, 1974) • Stirring abrasion test (AWWA, 1974) • Impingement method (Laboratorium fur Adsorptionstechnik, 1978)
• Vibration method (U.S. Naval Research Laboratory; Deitz 1978)
Wet abrasion resistance tests
• 'Rad van Avontuur' method (Norit Research Laboratory; Egtberrts, 1976 ).
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The first three methods are conducted in air, and are based substantively on the generation of attrition losses through carbon-metal interactions. The Ro-tap and stirring abrasion tests are restricted to granular particle types, and do not accommodate extruded carbons. Minor modifications of the Ro-tap abrasion test will permit to measure fines produced during the testing of extruded carbons. This method, however, has the inconvenience of not measuring the change in average particle diameter, as is done for granular carbons.
The vibration method is conducted in air, and includes ultrasonic vibration of the carbon particles to simulate expected conditions during dry transport of carbon and the particleparticle interactions encountered in gas-phase applications.
The 'Rad van Avontuur' method, developed to test the hydraulic transport of particulate activated carbon, has the advantage of using water as test medium instead of air, and is based on the measurement of fines formed through particle-particle as well as particle-container interactions. It is applicable to granular and extruded particle types. Owing to the relatively gentle hydrodynamic conditions that prevail during testing, however, very low levels of fines are generated (=0,5%), suggesting that the method may not be sufficiently harsh. Nevertheless, it does represent a novel endeavour to simulate hydraulic transport of carbon, and may be developed as a useful predictive tool in this context.
The method presented here for evaluating abrasion resistance is based on the generation of particle-particle and particle-steel interactions through the action of a cylinder, or plunger, rotating in an aqueous activated carbon suspension. All types of particulate carbons can be evaluated and compared. Abrasion loss values typically range between 0,3% and 15% for different carbon types and base materials.
Materials and methods

Abrasion resistance test unit
A schematic diagram of the experimental arrangement is depicted in Fig. 1 . The test unit consists of a 0,4 kW electrical motor connected to a tachometer. The motor drives a 316 stainless steel cylinder (plunger), which agitates the carbon suspension. The aqueous carbon suspension is held in a container 
